3
-

. DOCUMENT RESUME . .o

ED 098 259 f | .~ 7 rE 004 038 -
*  AUTHOR Kozma, Robert B. - :
TITLE The Effect of Empirically Validated Versus Reordered
~ Inter and Intra-Sequencing of Imstruction onm -

Learning. . s
INSTITUTION _ - Michigan Univ., Ann Arbor. Center for Research on
‘ Learning and Teaching. '

PUB DATE (Apr 74] : ' . » )
v . NOTE - Su4p.; Paper presented at the Annual Meeting of the
,-\ ' ' Aserican Educational Research Association (Chicago,
. \ . Illinois, April 1974)
X..; EDRS PRICE _ MF-$0.75 HC=$3.15 PLUS POSTAGE _
3 -. DESCRIPTORS Experiments; *Instructional Design; *Learning
A t e

\ ) Processes; Literature Reviews; Sequential Learning;
-3 #*Serial Learning; Statistical Analysis; Task
Analysis; Tests of Significance; Time Factors

e 3 (Learning); *validity

L]
.« 3 .
n‘.-
3

ABSTRACT ) -

. The sequences of learning sets (intersequence) and

. - instructional events (intrasequence) were empirically validated for a
hierarchy of concept and rule using skills. Experiments with high
schocl students showed no differénces between empirical and reordered
inter-  or intrasequence on time ‘to wmastery; fbor was there a :
difference in the number of skills mastered between the empirical and
reordered intersequence groups. The data suggest the use of examples
allowed learners to acquire higher-order skills even though they 4did
not at the same time demonstrate mastery of subordinate skills. .
Effectiveness of -the instruction ihdicates that the events included
are more critical than ‘their sequence. (Author)
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. . The Effect of Empirically Validated Versus Reordered Inter and Intra-
sequencing of Instruction on L;arning.
Robert B. Kozma ii
~ Center for Research on Learning and Teaching, University ot Miciigan
}he sequences of learning sets (inter-sequence) and instructional evénts
’ "f{iﬁfr;-sequence) wpre.empigically'validated'gﬁx a hierarchy of concept and
rule,using skills. Experiments with high school students showed no
. differences between empirical anq reordered inter or intré-scquenccs on
time to mastery; nor was there a difference in the number of .skills.
R mastered between the empiri;al and reordered }nter-squénce éroups.. The
v :/ data suggest the usé of egamplégraliowgd learners to acquire higher-order'

skills even though they ‘did not at the same time demonstrate mastery of

subordinate skills. Effectiveness of the instruction indicates that the

[N

events included are more critical than their sequence.
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Introduction . ' -

1

Inter-sequence. Gagne describes the concern of his book The Conditions of learn-
© ¢ ing (1970a) as that of finding an answer to the question, What is learning? ‘

The answer is phrased mainly in-terms of "an objective description of

the condirions under which learning takes place (p. 3)." 1t is Gagne's

position that learning is very much dependent on the conditions which

astompany it, and that discernment of these conditions .and arranging -

for their occurrence facilitates the learning process. '

Gagne describes two types of conditioms of léarning, conditions.internal

to the learner, and those external to him, Internal conditions are those

. capabilities, or learning sets, which are already in the learner's repertoire.
To be sure, most of 'a learner's capabilities are not relevant to a particular
instance of learning, but some are. Take for example archild who is attempt-
ing for the first time to learn addition of two Intepers, Me brinps with him
to the situation aenumber_of relevant capabilities snch an adding whole num-
bers, identifying numerals, use of associative and .commutative propertles, and
so on. It is hypothesized by Gagne that all of. these capabilities, or in-
tellectual skills, will be used to facilitate the learning of other higher-
order skills, such as the adding of integers, By examining the relations of

_learning tasks, Gagne concluded that“¥earning is cumulative. Each capability

' is.used in learning a new skill, which is in turn used in the learning of yet
another.

>

- + A hierarchy can be constructed which illustrates ‘the dependent and inde-
péndéht relationships between these learning sets. The construction begins
hy examining the terminal task and asking the question, "What would the learner
have to know how to do in order to achieve successful performance of this class
of tasks, assuming he wére given only instructions?" This process of task
4 analysis is continued for each of-the identified skills until a level of basic
competencies is ohtained., . - ' '

Such a hierarchy serves to imply a sequence for the presentation of instrue-
t{onal materials-to the learner. He should first learn any ‘provequisfite skill oo
which he lacks before bepinning instruction on a heher order skille  The
hierarchy'also denotes when the sequencing can be random or ‘optional, lustrue-
tion for two or more skills prerequisite:. to a> common "higher-level skill
could be presented in optional chronological order. However, instruction for
~" " all of the prerequisite skills should be presented before instruction for the
° higher-level*skilk.- -
Such a hierarch} was constructed by Gagne, Mayor, Garstens, & Paradise -

(1962), for a terminal task of addinp integers and is reproduced in Figure
1, Each box in the diagram represents onie’ of the skills in the hierarchy.,
The skills at the base of the hiérarchy are svbordinate to the skills directly

above them. Gagne contends that the lower order skills facilitate the learn-

N\ ing of the- higher order, or superordinate skills. Learners who do not have
\\: one or-fore of those subordinate capabilities will have difficulty learning
\\ ; the adjacent superordinate skill. ’ : “
, .
K In this and similar studies (Gagne and Bassler, 1963, Gagne and Paradisc,

1961; and Gagne and Staff, 1965) Gapne examined the pass—-fail patterns of

-
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Factors in acquiring knowledge of a mathematical task. Psychol.

Monogr., 1962, 76, Whele No. 526.)
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the learners who had received programmed’ instruction on each sﬁill in the
hierarchy after completion of instruction, Based on their patterns _ 1
of pass-fail,for each learning set the Ss were divided into four groups:? /,4»'

1) those -successful at the tests of a skill and all -its subordinate skills;
2) those unsuccessful at the test of a skill and at.the test of at leasy
- one of its subordinate skills; . N 4 -
3) those successful at the test of a skill and unsuccessful at the test/
of at least one of its subordinate skills; hal o \
4) those unsuccessful at the test of a skill and successful at the
tests of all its subordinate skills. . B

-

-

s

{n each of the studies the number of Ss who learned the higher-order skill#
without acquiring .the lowér order skills (group 3) was very small. Gagne
used these data to support his contention that learning is cumulative. /

In a 1962fstudy Gagne developed a hierarchy with the terminal task of .
"finding formulas for. the set of n terms in a numher series,"  Test™ itemd
for each learning set in the hierarchy were administered to seven .ninth ;
gprade boys. @®ach boy was tested first for. the terminal skill and, if , '
he failed received the test for a subordinate learning set, and so on until
the boy passed on a learning set. At this’point the testing was temporarily
stopped and each boy received programmed instruction for the next highést
learning set (which was previously failed). When instruction was completed
the Ss received test items for all competencies in the hierarchy. There were
no instances in which a learner passed a higher order skill without s0

_ passing all lower level skills.. /

However, in reviewing the theory and results of these studies}pnderson s
(1967) states that none of tha results from the above studies /
) proves that one concept  of skill must be mastered before the/&ext one
can be learned.,  Since topics - in the ﬁrbgram were ordered from the
lowest level to the highest level, any factor that caused a/subject to
"tune out™ at any point within the program could have:prodq4cd the post-
 test results that were obtained. Direct expcr{mentﬁl manipuiation of the
. instruction designed to teach subordinate knowledges, ratlier than post-
experimental correlation analysis, will be necessary to cﬁinch the
argument, (pp. 157-158). %

3

:Merrill (1965) also examined the necessity of requiring/mastery of

. subordinate skills before learning superordinate skills, A jcomplex science
‘system called Xenograde was created for use in the study. It was hypothe-

.sized that learning of this.hierarchical task is facilitated by magtering -
each successive part of the material before proceeding to the next. -Sixty-
two college students were assigned to five groups which wére given various

level tasks. The results contradicted the hypothesis. he group which R
performed best was not required to master all the skills/but received a

summary of each lesson prior to the review exercise which preceded the

‘test. The groups which received the most correction/review took progressively
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more time but did not make fewer .mistakes. Mérrill concluded his study by
saying that, "The results seem to Indicate that it is not necessary to master

"one level ‘before proceeding to the next (Q..233)."

Briggs (1967) rebutted Merrill's conclusion by contending that he Pwent

"beyond his own data in interpretinp his task as hierarchical (p.” 66)."
-Briggs also felt that the experiment was more a test of.the effectivencss of

varying degrees of review on learning, rather than the necessity to master
subordinate skills. Such comments indicate that results obtained in the
Merrill study may be due more to methodological error than to the lack of
need for mastery of subordinate skills. ' '

~ -

In regards to Anderson's statement concerning the Qeakness of the cor-
relational design of Gagne's studies, Briggs notes that the 1962 study wenl
beyond mere post-experimental correlationaleéna]ys}s to include instructional
manipulations of the Ss. Briggs did concedefthat even this study did have some
methodolopgical weaknesses and he recommended an alternative dewign to test
the assumption of cumulative learning and the effects of hierarchical se-
quencing. The design would require (p.-7): :

1. the derivation of an inferred structure or hierarchy by analyzing

. the objectives of the course; ) -

2. sequencing the unifs of instructf in accordance with the inferred
structurej - ' '

3. testing the "optimal" sequenc sainst a random or reordered sequence.

Related research. ‘'lany studies in recent years have examined the issue
of "logical" versus reordered seqiiencing -using thechierarchical approach
recommended by Gagne. Of those that have, five (Boston, 1970; Brown, 1970,
€aruso & Resnick, 1971; Resnick, Siegel, & Kresh, 1970; and Eustace, 1969)
have shown differences favoring the hierarchical sequence, where six (Kane,
1971; Niédermeyer, Rrown, & Sulzen, 1969; Oliver, 1971; Pano, 1972;

Phillips and Kane, 1972; and Spencer, 1971) show no differences.

Boston (1970) hypothesized that more students rollowing an empirically
validated sequence of learning sets master the terminal task than students .
following a reordered sequence. He also hypothesized that students following
a reordered sequence take longer fto master the skills. Boston deveéloped
and empirically validated a hierarchy and instruction for a concept of
"redness". Computed tests comparing the effect of ordered and reordered
sequences on time to mastery on each learning set ‘produced a trend-of sig-,
nificant results supporting the favorable effects of the-.hierarchical se-
quence. Results also showed a larger number of the ordered sequence group )
m:stered each task. . '

w

Brown (1970) examined'the effects of logical versus scrambled frame order

with an improved version of the Number Series program. This program was
used to teach 67 higheability eleventh grade students the necessary learn-
ing sets prerequisite to a mathematical problem solving task. The logical
sequence proup performed better than the scrambled frame sequence group
relative to time to complete the instructional projram, errors made on the
program and errors made on a criterion test of complex, problem solving
nutber series skills.

¢
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Caruso and Resnitk (1971). trained fify-five kinderparten caildren on
matrix tasks inyolving color and shapei The subjects were divided inte
four groups{ 1) trained in the hypothesized optimal sequence; 2) "trained

- on the same tasks in the reverse sequence; .3) given overtraining on the

‘simplest task followed immediately by training on the mest.complex task;
and 4) trained to criterion (without overtraining) on the simplest task
followed immediately by training on the most complex task. More subjects
learned the moct complex taak ad they learned in fewer trials, when

!

: taught in° the optimal order. subject learned a hilcher-order task without

also having learned the lower=i1cvel one.

-

A hierarchy'of skills ftor a terminal task -Tnvolving the complex runrvbt

. of “ndun?'was developed by Eustace (1969). It was hypotheslzed that in a

hierarchical task directed tor.ard the learning of a concept, more learning ¢
occurs when the levels of the complex material are-presented in an ordered
sequence. Four experimental groups were given the program in varying
degrees of order of the sequence ‘of, learning sets. An analysis of variance
tests for linear trend using the means of the residual gain scores for each
treatment group was significant at the .05 level.. The analysis indicated
that as the sequence was progressively reordeéred, mean scores were lower.

Resnick, Siegel, and Kresh (1970) trained twenty-seven kindergarten child-
ren on two different double classification matrix tasks. ~One group of
students received instruction in the "opgimal" sequence, the other students
received instruction in the reversed sequence. Those who learned the tasks
in the optimal order learnked the more complex task in fewer trials than those
who learned the tusks in the reverse order, Ip addition, students )
in the reverse order group who did acquire the hipher-order skill showed
evidence of -having ‘acquired the simpler task In the process. '

Kane (1971), and Phillips and Kane (1972), reporting Qp the same stady
compared seven different segquences-of a mathematical -task derlved by ‘
different means. The original 'sequence was constructed through task
analysis and the instruction was empirically validated. Pilot test data
was reanalyzed tc produce six more sequences. The seven types of sequences
were: 1) task analyzed, 2) Guttman scaling, 3).random, 4) item difficulty,
5) correlation, 6) textbook,. 7) AAAS method. One hundred and seventy-
five grade school children participated in the experiment. Iwo pretests
were given to the students. Pretest I indicated whether the children had -
the necessary prerequisites; while Pretest II was designed to determine if
the students had already mastered the skills to be taught by the instruction.
Those learners who passed Pretest I were given Pretest II.- The . .subjects
who were judged to have mastered an ‘insignificant number of skillg on Pre-
test II were involved in the experiment. The sequence derived frdm task
analysis was reorderéd for each method and giveh to groups of cliildren..

The researchers examined the effects of ‘sequence on achievement, -retentton,
eransfer and time on task.. A one way analysis of variance for eadh de=’
pendent variable showed no overall differences between the various sequelces,
However, the task analysic sequence did require less time to complete than .
fthe correlational sequence.. The regearchers concluded that no sedquence
maximally facilitated achievement, retention, and transfer and requgred less

time to complete. . y

-
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o \{t should be noted that in the Kane (1971) and Plgllips and Kane (1912) -

' . studies none of the dependent variables were concerned with the number of learners
who masteréd the terminal ‘task. The importance of the distinction be tween '
achievement 'and mastery is discussed in the follgwing section on metho@ology,.

Niedermeyer, Brown, & Sulzen (1969) used the program, Number Series - .
developed by Gagne.and Brown (1961). The program was presented to 64 ninth
) . _._ grade students in logical, 'scrambled, and reveFse orders. While the logical - -
o _owder group was the only sequence group to perform sipnificantly better : >
than the controls ofi' both a test of concepts and a problem solving test,
- ‘none ¢f the three sedquence groups differed from each other on post tést per-=
formance. Since the program was developed by Gagne ‘it was assumed ta, be
hierarchical. Niedermeyer (1968, p. 307), however, observed, that "The |

Number Series - program must 'have beenéﬁoveloped‘prlnr to Gagne's dervivation 0t
. . of this knowledge hierarchy since little corrvespondence conld be tound
: between the frames of the learning program and the tasks identiticd In

- hierarchy." Tt -would appear that the, Niedermeyer, ¢t al. study &l ot pro--
vide a valid test of hierarchicad sequencing. . :
" Oliver (1971) developed an indéx which can be used to determine the \
degree to which a sequence constructed by the learner.is reordered from .
° - the logical form of that sequence. This index enabled him to conduct an -
experiment in which learners were allowed to determine their own sequences
and compare the effects of the degree of reordering on learning. The
Xenograde Program (Merrill, 1965) was used in the study. Oliver found that
not only was learning not progressively impeded by progressively reordered
sequen¢es, but that there was no ditference of effect between the logical
- sequence and the set of all yeordered sequences. Oliver noted that those
students who~scored higher on a test of the basic ability of Induction
were affected less by the reordering. However, Oliver failed to demonstrate
that the instruction used in the experiment was effcctive prior to the
reordering of the sequeace. ' ) ' ‘

L7

net

a . Panos (1972) dev--loped a hierarchy for a "Martian Lanpuape! ustup the tash
analvsis recommended by Gagne (1962). Panos used an cmpirical procedure
al'so recommended .by Gagne (1967) to validate the interdependency ot the
' tasks in the hietarchy. The instructional materials developed by the re-

- fe . searcher were shown to be -effective in a-pilot study where 1007 of the students
: _» mastered all'of the tasks in the hierarchy. The empirical sequence was then
. . *.compared‘to two degrees of reordered sequences of learning sets. The hypo-

thesis was that as the empirical sequence is reordered the total learning time
increases., A trend just shortsof the .05 significance level resulted. °
The lack of sigrificance'was attributed to two factors. The analysis of b

‘" wariance used in the study required an equal number of cases in each cell,

- Because of a low number in one of the cells the total sample was greatly
=« . .. . reduced from 66 to 45. \Mowering sample size increase the chance of rejecting
a true hypothesis (type I error). The second factor affecting the results
was that the maximum timé limit used for the experiment did not allow the
slowest students to achieve mastery. If there is an interaction effect
between learning rate and sequence, the elimination of these students may
have biased the data. .
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Spencer (1971) developed-a'hierarcﬁy and insfrucsion for an algebraic

task. The experiment compared the effect of hierarchical, reversdd —N

and random sequences on a number of criterion yariables;, The variables
included: -time to ‘complete the program; number of errors.on” program
frames «mastery of subordinaté-compptenciesf?attitddb toward the program;-
mastery of the task; and retention of the task. The Fesults of an

. analysis of variance indicaigp difference on only ome variable. Those

students following a forward sequence made fewer YTrame grrois. No other
main effects or interactions with ability were sipnificant. Doubt is
cast on the interpretation of the mbove results by the fact that
validation of the instructional materials resulted in only a 67/49

(67% of the learners scored 49% or better) criterion for the terminal
task. - With such a low level of effectiveness it is doubtTul that any

-

" statement can be made regarding the relative effect of ordered and re=

ordered sequence on learning.

Wodtke, Brown, Sands, & Frearicks‘(1968) conducted two experiménts .

. involving computer adniinistered programs. - One program, copcerning number

bases, was hypothesized to be hierarchical; while thé second program,
teaching the gnatomyfof the ear, was described as non-hierarchical.
Comparison of within-program performance measures for each program .
confirmed the hypothesized structures.: Whereas“a reordering of the'nqmbqp
bases program affedted the error rate, the reordering of the ear anatomy . .

program did not. /The experimeriters took this differential effect on

,error rate to " -, .support their conténtion that. the ordered version of

the modern mathematics program... did contain an ordered conceptual
sequence (p. 64)." However the hvpotheses that (a) .scrdmoling the
sequence of instruction has a detrimental effect on learning a subject

matter containing a conceptual hierarchy as opposed to a program con-

taining a relatively discrete set of facts; and (b) that the scrambled
sequence is more detrimental to the learning of low aptitude students .
than high aptitude students, were not supported. Therc were no achicve-
ment differences or Aptitude<x Sequence interaction with respect to.post-
test performance. _

A simple box score of the results of the studies' reviewed, showing 5
for and 6 against, does 'not provide emphatic support for the position
taken by Gagne. The conflicting”results, however, indicate that metho-
Jological errors rather than treatment effects may have played a signifi- .

13
-

Methodological considerations. A number of -methodological ronsidera-
tions are relevant to this irea of -research. One such concern was the
topic of a study by Tobias (1972). He contended that lack of support .

" for the. positive effects-of proper sequencing could be explained by

the fact that many of the studies used instructional content with which
the learners had prior knowledge, and that the experiments did not take
into account this source of variance. Tobias hypothesized that the effcet
of sequence is modified by subjects' prior familiarity with the content.
It was assumed that on material with which subjects had extensive previovus
experience even a scrambled sequence could facilitate achievemeat. On
unfamiliar contént, however, it was assumed that subjects would learn

-



-
b

LY

;gefinition, prevalence, and factors affecting heart disease. The .
unfamiliar material dealt with the diagnésis offmyocardial infarction
" from the f}fth precodial’lead of .the electrocardiogram. Logical and

 Tess from a scrambled sequence than from a "regulial "™® sequence,  Two

programs were developed by Tobias. The familiar content concerned the

scrambled versions of both prggrams were given to 117 educational psycho-
logy students.” The results indicated that scrambling had -a strong effect
on achievement for the unfamjliar content but no; difference for the
familiar material. - Lo )

-

3 .

The Tobias study indicates the need for any research on sequence
to avoid content.which is familiar to the students involved in the
experiment. Caruso’ and Resnick (1971)°, Oliver (1971), Resunick, Siegel
Aand Kresh (1970), and Panos (1972) used content wvhiah was -invented; _°

. thereby eliminating prior knowledge -on .the part_of ‘the learners.. Rane,

. (1971) and Phillips and'ﬁane'(1972);'hnd Wodtke et al. (19688 used

school subject matter but made surc that there was np ﬁriofwlunrninn'
of the material. The other studies reviewed (Roston, 19705 Brown,, 1970
Eustace, 1969; Niedermeyer, et al., 1969; and Spencer, 1971) " used school

" subject matter without prov%ﬁing the assurance that there wase*no prior~s

learning. . .

"

» A second methodological.cohstdefation is one of the empificaf .
validation of the proposed hierarchy. Once a hierarchy is constructed

““using task analysis (Gagne, 1962) or some other approach, there remains

a need tocvalidate the structure empirically. Without making this
provision the researcher could not be confident that the structure of

the ldarning sets was indeed a hierarchy. A study which does not use ‘
an empirically validated hierarchy compares, in effect, the "researcher's - -
hier .rchy' with a scrambled version of the "researcher's hierarchy."

* Boston (1970), Brown ‘(1970), and Panos (1972) used a method recommended
by Gagne (1967) .to validate ehéir hierarchies. Kane (1971) and Phillips
and Kape "(1972) used a method described by Walbesser (1968), and Eisenberg
and Walbesser (1971). FEustace (1969), Niedermcyer, et _al. .(1969),
oliver (1971), Spencer (1971), and Tobias (1972) *did not report an
empirical validation of thelr hicrarchies. Coruso and Resnlek (19/1),
and Resnick, Siegel and Kresh (1970) did not validate thelir hierarchy -

other than by the experiment itself,

A third methodological concern is one of empirically validating ‘
the instruction used in the experiment.‘ The need for effective: instruc-
tion in a study which ‘examines the effect of sequence is obvious:
Without effective instruction there is no "effect" to examine other than
the relative lack of achievement. y

€ .
Despite the importance of effective instruction, four researchers

(Brown, 19703° Caruso _and Resnick, 1971; Eustace, 1969; Oliver, 1971;
Resnick, Siegel and Kresh, 1970; and Tobias, 1972) failed to report .
the validation of their instruction. Spencer (1971) achieved only

1] . -

Ry



—— . . ?: ) / . Fs ” . ‘ )
) ¥, o : -

*a 67749 criterion for the terminal task in her valldatlon attempt.
Boston (1970), Kane (1971) and Phillips and Kane (1977), Pano@r (1472Y -
and Wodtke et al. (1958) repogted the valldatton of elivetive fgsd v -
tional materials.. ' B ' '

. , ) R ¢
. A fourth methodological conslderation is whether the seguence was
teerdered by leerning sets or by instructional frames.” The theory ot .
. _ Gagne discussed previously contends thdt it 1is the mastery of a sub-
. .+ . ordinate learning set which facilitates the learning of a superordinate
- learning set. No contention is made regarding the relation between
: instructional frames and learning Sets. The reordering.of ¥rames has °
an uricertain effect on the structure of the hierarchy; 1t also has an
uncertain effect on the results obtained. A number of researchers :
whose work was reviewed (Browm, 1970; Niedermeyetr, et al., 1969; Tobias, '
1972; and Wodtke et. al., 1968) reordered their sedgences by program
- frame rather than by learning sets. ) . s .

A final consideration is whether mastery of a skill was used as ) \
the criterion rather than an achievement test score, 6r merely time on
task. The writings of Bloom (1968) and Carroll (1970) emphasize the

. need for the use of a mastery criterion. Mastery is defined as the .
display of a predetermined level of competency of a specifie skill*on the part
of the learner. The use of mastery as a criterfon provides a more valbd

v ““measure-of the intended outcome of the Instruction: ability to perlorm
- the acquired skill, Whereas mastery lndlcates a dilferegee between™;

) , knowing (to the degree desired by the instructor) and not knowing,

- achievement scores create dubious differences between a score of 55

' : and a score of 60 (for example). Although a mean score of 55 (out of ;
- * 100) and a mean score of 60 could be statistically significant, it is

of doubtful meaning in practical terms. A statistical clfference in the

number‘of skills mastered has much practical significancge. .

Treatment effects on mastery can be Agasured as the number of “ ' i

learners mastering a particular skill, the number of skills mastered,

or the amount of time or number of trials needed by each learmer to -

makter a skill. Boston (1970), Caruso and Resnick (1970), Panos (1972),

Resnick, Siegel and Kresh (1970) and Spencer (1971) examined the effects

of sequence cn the mastery of the subject content.

L

. A list of the studies reviewed in this section is shown in Table 1.
\ An "X" indicates that one of the methodolopical considerations disdussed
% . above was taken into account by the authdbr. " A question mark indicates .
. " that the author did not report on that aspect of the methadology. As
can be seen, the only study which accounted for all the listed concerns
_— is Panos (1972), Although the results of his study .were not significant,
. . promising trends exhort further study of the topic. . ;

One further metﬁodorbgicdt consideration. Gonfusion exists as to the
exact effect sequencing has on learning. In one work Gagne (1¢70a)
describes the relationship between superordinate and subordinate skills

~as this:

— . . -
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> ‘ Table 1
.Y ‘ Methodological Considerations in Reviewed
‘Research on Hierarchical Sequencing
. ) . . J ) i - N
v, N s I .. - .
o : -— ““\T
- \
. Avoid Prior Validate Validate Rcorder by Mastery N
Study Knowledge Hierarchy Tnstruc- Learning  Criterion Results
. C ~ tion Sets . a
Boston (1970) ' X X X ~5X° . Support
Lo
Brown (1970) X L2 Support
. o - Caruso & Resnick X . 7 X X Support
©(1971) ’ .
N\ S
o Eustace (1969) ? U2 X Support
Kane (1971) and
. . Phillips and Kane X . X X X No Support
(1972) . | ' .
“iedermeyer et al. No Support
. (1969)" : '
. Nliver (1971) X ? o« 7 ‘ No Support
Pangs (1972) X , X ! X b4 X ~ Trend
. “ _ Resn ick, __ei_g.__a_x_’:_. X . 7 X . X Support
. (1970) . *
Spencer (1971) ? X X No Support
Tobias (1972) = X ? ? ’ N Support
s “odtke, et al. X X X ' No Support
. (1968) :

fethodological considerations accounted for
‘tethodological considerations not reported on

X

“
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the superordinate capability will be more readily learned (on the
average, throughout a group of stud:.:ts) if ghe subordinate capa-
bilities have heen previously acquired and are readily available
for recall (p. 239). T

In a second statement it is described like this:
A
An individual will not be able to learn a particular topic if -he
has failed to achieve any of the subordinate topics that support
it (Gagne, 1963, p. 624).

The question arises: Are subordinate skills facilitators or necessities?

It is the position of the researcher that such a discrepancy is of
methodological rather than a theoretical ndture. The degree to which
intersequencing affects learnming depends in part on the degree to which
the learner has control of the processing of the instructional materials.
Whereas the learner who can control instructional materials can manip-
ulate them in such a way as to compensate for a reordered sequence
(although at a cost in time), a learner who does not have control of

. the materials will not he able to learn if the materials are out of order.’
-In the first -case the subordinate skills are facilitators, in the second
., case they are necessities. )
This positign'fequires that a study of the effects of sequencing be
divided into two experiments. In one experiment learners are assigned
to either an empirically validated or a reordered sequence. Learners
in this experiment do not have control over the sequence, Each learner
~ 45 allowed as much time as needed to complete instructions for each
level of the hierarchy but in a predetermined sequence. The variable
examined for this experimert would be the number of learners who mastered
skills, and how many they mastered.

In the second experiment fhe learners are ‘initially given cither
empirically validated or reordered inter and intra-sequences. The

students are required to continue working on the materials until they .-

mastered the terminal task. Therefore they are allowed to resequence
the materials if they find it necessary. The effect of sequencing on
time to mastery would be observed, thus examining the facilitative func-

tion of proper sequencing. .

Intra-sequencing. The second type of condition that Gagne discusses is‘that
external to the learner. These conditions are stimulus situations surrounding
him at the time lgarning occurs (Gagne, 1970a, p. 302). Most commonly

these are the verbal communications that are made to the learner. Thesc
communications, or instructional events, function-to facilitate learning

by "informing him of what he is going to achieve, reminding him. of what

he already knows, directing his attention and actions, and guiding his
thinking along certain lines (1970a, p. 29)." These events correspond

to the way the learner internally processes information for learning.

This process is described by Gagne (1970a, p. 71) as having four
phases: apprehending, acquisition, stcrage, and retrieval.

.
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External conditions should be arranged in the instructional materials
so as to assist the learner in his-information processing. Gagne (1970a)
lists the events of instruction and their order:

1. Gaining and controlling attentionm. ’ T

2. Informing the learner of expected outcomes. '

3., Stimulating recall of relevant prerequisite capabilities.

4. Presenting the stimuli inherent to the.learning task.
5, Offering guidance for learning. '

6., Providing feedback. N\

7. Appraising performance.

8. Making provisions for transferability.

‘9, TInsuring retentlon. - .

The importance of the order of the lnstructional cvents s noted by
flagne: :

Typically, they occur in approximately the order listed, L

although there is no absolute requirement about this order,

As is implied, however, the critical learning occurrence

transpires between events 5 and 6 in this list. One could

hardly expect, therefore, that events transpiring prior to

5 could be temporally switched with those occurring- after

& (ibid., p. 305).

Related research., If the hypothesis regarding the sequencing of
learning sets seemed to hold conflicting support from the research,
the above statement2would hold almost no support. The large.majority of
research done during the past decade on logical versus random sequencing
of instructional items could be interpreted as addressing itself to
the hypothesis that- the order of instructional communication makes a
dif ference in learning. Of the notable studies .cxamining the c¢lloeets
of the sequence of instructional frames (Balson, 1971; Buckland, 1968
Cartwright, 1971; Conley, 1968; Hamilton, 1964; Harrington, 19663
Hegedus, 1971; Levin & Baker, 1963; Maier & Jacobs, 1966; Payne, Krath-
whol, & Gordon, 1967; Roe, 1962; Rose, Case, & Roe, 1962; Reichert,
197i; and Stolurow, 1964) only three (Conley, 1968; Hegedus, 1971, and .
Roe, 1962) showed significant differences in performance that favored ‘
the logical sequence.

L 4

Methodological considerations. , Two characteristics are shared by
all of the studies cited above. :

1. The original intra-sequence (prior to reordering) was
"logically" ordered.
2., A criterion other than mastery was used.

The methodological concerns involved in point 2 were discussed
earlier in this paper. Point 1 raises a concern unique to’ this set
of studies. In all of the studies the proper sequence was "logically"
arranged, yet none of the studies provided an elahorition of the c¢riterion
used to determine the "logical order". There was no statement similar

L4
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—— to the list of events of fastructlon provided hy Capne.  There was no
process described to determine the "loglcalness" ol the Intra-sequeace

R analogous to Gagne's process of tusk analysis used to determine thie

h dependency of learning tasks. N C '

t s The doubt that such objective criteria exist is fostered by the |
s.atements of proponents of prograued instruction. Skinner (1968) in
describing the requirements of a teaching machine states:

A second requirement of a minimal teaching machine also
distinguishes it from earlier versions. In acquiring complex
behavior the student must pass through a carefully designed

- - sequence of,steps, often of considerable length.  Each step
must be so small that it can always be taken, yet in taking it
the student moves somewhat closer to fully competent behavior.
The machine Tust make sure that these steps are taken in a
carefully prescribed order (pp. 34-35).

Yet the "carefully designed sequence" and the "carefnlly prescribed
order” are not defined. In Lysaught's (1963) text on proprammed
learning he states as one of the characteristics of a successful
programs - : :

Logical sequence of small steps. Subject matter, broken

down into fragments of information, is arranged in an

orderly sequence of growing difficulty so that the student

may progress from one point in the program to the next (p. 17).

Apain, there lacks an objective description of what constitutes a logical

sequence. . .

* The statements cited above are sufficiently vague that a programmer's
® interpretation would represent a large subjective factor in the program
design. Subjective factors minimize the generalizability (and inter-
pretability) of the effects of such programs.

A methodological consideration that this group of studies shares
. with the group of studies reviewed on sequencing of learning scts ls
S that of program effectiveness. .Some of the studies examining the
' sequencing of communications, notably Payne, et al. (19b7), and Levin
and Baker (1963), used instructional programs of dubious effectiveness
.even in the logical form. Payne, et al. showed only a mean score of
37.5 out of a 56 item criterion test for the logical group. In the
discussion of their results Levin and Baker conclude: o
Probably the most important limitation of the present
study was the failure of the program to teach the material
presented thoroughly to most of the subjects, as indicated
in post-test performance (p. 143). «




" difference between the groups on post-tests.

. =) -

] The lack of difference between logical and scrambled frame instruc-
tion can be explained, in general, by two factors: A lack of empirical
validation for the sequence termed "logical"; and the lack of effective-
ness in the .instruction used. S

Inter X Intta-seqpeﬁce interaction. The theory of Gagne reviewed

.pfeviously'indicated that both inter and intra-sequencing play crucial
.roles in learning. - If either the inter or intra-sequencing of instruction

are drastically altered, learning would occur only with great difficulty,

_if at _all. However Gagne does not take a position on the relative

impor@ance*of inter or intra-sequencing for the learning of intellectual
skills. ' .

» [ 4
-

(1969, 1967) showed the possible inter-relationship
between the inter and intra-sequencing of instruction. In his study -
Miller divided "an instructional program into what he termed macro (toples)
and miéro (frames) order. The reqplts'indicated that students using
the program where micro order was random but macro order was preserved S
performed better on criterion measures th..n those students using a
program where the micro order was preserved and the macro order wa~
random. 'Furthermore, the random micro ordered program took longer-than -
the program which preserved the micro order even though there was no -

A study of Miller

Conley (1968) reported results for a unit in Nursing which was. -
arranged into four sequences: 1i.e. logical block-logical item, logical
block-random item, random block-logical item, -and random block-random
item. The students following the logical block-logical item sequence
per formed rgliably‘better on both achievement and retention tests
than learners from other groups. ‘However, 3 relative effect between
logical block-random item and random block-logical item was not indicated
as it was in the Miller study.

Neither the theory or research on sequencing provide a clear
.4ndication of the expected direction of any interaction between inter

"and intra-sequence. [The fact that the same pattern ‘did not. recur in

the Conley and Miller studies does not provide a foyndation for a
hypothesized interaction. Therefore, the investigation of the interaction

between inter and intra-sequence is phrased in question form. - .

The literature reviewed suggests the following questions:

Does the order of the-inter-sequence have more of an effect on time
spent to master skills(than the order of the intra—sequencg?

Is there an interaction between inter and intra-sequence?
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Learner variables.

"'Although the cumulative learning theory is vervﬂémphptic about .the
desitrability (if not necessity) of learning subordinate learning sets
prior to learning of siuperordinate skills, Gagne (1970a) concedes that
there are learners who cah "skip over" skills. He does.not say that
these learners do not acquire the subordinate skill (this would contra-—
dict the theory), what he does say is that they "acquire both the
sybordinate and superordinate skill in one intellectual jump (p. 241)."
Gagne refers to the students who cap do this as "bright" students.

- v

A number of studies examining hierarchies and sequence have
encountered interaction between sequence and some measure of intelligence
or ability. Buckland (1968); Levin & Baker (1963); and Stolurow (1964)
showed tKat whereas bright (high 1Q) learners did will ineeither the
logteally or acrambled sequence, the low 1Q students did well only on
the loglcally sequenced program. Oltver (1971) showed-1 STul bar
interaction between treatment groups and the factored ability test
of induction. . '

Studies by Brown (1970) and Niedermeyer, Brown, and Sulzan (1969)
showed no such interaction. The fact that both of these studies. used
populations with above average mean 10's (Brotm: mean IQ 120; Niedermeyer
et al., mean IQ 1}1) on ‘the same program (Number Series) may partially ‘
explain the conflict between their results and those of other studies.

A learner variable termed "learning rate" was used to examine

. Treatment X Aptitude interactions in the present study. Carroll

(1970) defines learning rate as "... amount of skill learned or knowl-
edge gained per unit time (p. 38)." The learning rate task used in
this study, topographically similar to the experimental task,3was

the amount of time used to master a rcading comprehension task. The
researcher felt tifat because the learning rate tdsk required the samei
type of behaviors (i.e. decoding, comprehension, etc.) and was measured
4in the samé units of measure (time in minutes) as the experimental

task it would extract more variance than an IQ measure.

Although a learner variable was used in this study primarily to
extract error variance, interactions among learning rate and inter-
and intra-sequence were examined. An answer to the following question

fs posed: Is there an interaction between either inter or intra-
sequence and learning rate? o

Hypotheses and questions. The followinﬁ hypotheses and questions
were examined in this study.

With regard to determining the effects of inter-sequencing on learn-

ing it was hypothesized that:

' f———
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In a situation.of learner optlon to reorder Uhe Inter=segquences
i 1 learners presented with an_emplrteatly valldated dnter-

sequence take leas time on cach level ol tasks Lo acquive the

terminal skill than thosc learncrs presented with a redvdered

inter~sequence, . ’

: In a situation of no learner option to reorder the inter-sequence: ™

H 2 Learners following an empirically validated inter-sequeﬂcg
master more skills than those learmers following a reordered
inter-sequence, ' . :

H 3 Of those learners mastering a superordinate skill, more
learners also master all relevant subordinate skills than
will have not mastered lower skills.

“With regard to determining the effect of intra-sequencing on
1earning, it is hypothesized that:

In a situation of learner control of the imtra-sequence:

H &4 Learners presented with an empirically validated intra~
N sejuence take less. time on each level of tasks to acquire
the terminal skill than those learners presented with an
inverted intra-sequence,

L]
..

, with regard to both -inter and intra-sequencing, answé}s to the
following questions were sought: >

Q 1 Does the order of the inter-sequence have more of an effect -—
on time spent on each level of learning sets to master the ’ ‘
terminal skill than the order of the intra-sequence? .

Q 2 Is there an interaction between inter and intra-sequence?

With regard to the relationship between individual differences and
sequencing, answers to the following questions were sought: '

Q 3 Is there an interaction between either inter or intra-sequenc-
ing and learning rate?

Procedures

Developing the learning.hierarchz, As was discussed previousﬁy

Tobias (1972) noted that whereas the leavning of subject content that -
was familiar to learners was not affectec by reordering, the learning , .
of unfamilfar subject content was susceptible to a reordered sequence.
To avoid “confounding the effects of prior learning and sequencing, a
contrived terminal rule-using task was created, Figure 2 is an exam-
ple of this task in which the learner must pick the best poison to -
use on the group of germs. )




Stop

toas

Underline -the best poison

Figure .. Example of item from test of maste%y of the
terminal s¥ill.of selecting the best poison for a given
group of germs. Learners must know which poison will
kill all the deadly germs and the fewest helpful germs.
At least four correct responses to five items were re-
quired for mastery.

k
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In order to solve the terminal task it is necessary for the student
" toé learn_to use the rule: The best poison is the one that kills all the-dead-.
ly germs and the feweat helpful perms, in order to use this rale It "
ts theorized that‘the learnef must also have learned 8 number or pre-
requisite skills, .

o

t

A hierarchy of skills subordinate to the terminal task was dertved
_ by a process of task analysis described by Gapne (W62). The analysis
was begun by asking what would &zn individual have to know how to do
in order to achieve successful perf>rrmanceé of this. class of task,
. assuming he were given only instructions? By examining the terminal
tisk it was determined that it was nécessary for the learner to know:
what a deadly germ is, what a helpful germ is, which germs End kills, ¢
. and which germs Stop kills. These concepts compose the second level of
- B  the learning hierarchy. A third level of skills requiring the discrim-
ination of the conceptual attributes of "tap", ",1ik" and “dod' completed-
the hierarchy. e
— T The hierarchy shown in Figure .3 does not include such concepts as:
germ, kill, helpful, deadly, fewest, all, and poison, which were also
derived as subordinate skills by task analysis. It was the -assumption of
the researcher that these skills were universally held by the learners

_used in the study (8-12 graders). .

Pilot study I - validating the inter-—sequence. Walbesser (1968) Eisenbery
. and Walbesser (1971) has developed a procedure for validating the proposed
T — jnterdependencies of the skills in a learning hierarchy. The procedure
_ bepins by teaching the skills in the hierarchy to a number of learners then
¢ testing them on their mastery of each skill. A This data is used in com-
v puting a "consistency ratio”. The consistency ratio provides a numerical
o eriterion for testing the dependency among learning sets. The consistency
ratio tests the assumption which the constructed hierarchy makes, The
assumption is that "if aftdr instruction the student has acquired the
* : terminal behavior of the hypothesis, then he should also have acquired
.all subordinate belraviors (Eisenber and Walbesser, 1971, p. 248)."

The consistency ratio is the number of learners who mastered both
the superordinate skill and all relevant subordinate skills (expressed
as the ordered pair:‘1l,1), divided by the number plus the number of stu-

’ -dents who mastered the ‘superordinate skill without mastering all the
subordinate skills (expressed as the ordered pair: 1,0). The result-
is the percentage of those learners who-mastered superordinate skills
‘who also mastered all relevant subordinate skills. The consistency
ratio formula is written as: N : '
* . f (191)
. o f’ (l)l) + f (1‘0)

Ratios computed for each superordinate ‘skill and its relevant

. subordinate skills indicate the degree ‘to which the assumption stated
. : above is valid. The "relevance" of a subordinate-skill is indicated by
the lines connecting one skill to ancther in the diagram of a hierarchy.
So that the relevant subordinate skills to Skill I in the hierarchy used in
this study (see Figure 3) are Skills TiA, IIB, 11C, and 1ID; the skill
subordinate to skill TIA is Skill IIIA, -and %0 on. . .

: : . ) . . | \ o
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_ archy validation phase. In order to obtain a distrfibution of nonmastery

. c. -2.0-

- . .
e 4

However, the consistency ratio would be of little practical vélue if
all of the students in the sample tested mastered all of ‘the skills, both "
superordinate and subordinate. Although the ratio would be 1.00
(maximum value) for all learning sets, the ratio would become more an
{ndication of the effectiveness of the instruction than a test of the de- . "
pendency of the skills. A researcher interested in va{}dating a hierarchy 4
is interested in knowing that if a subordinate skill is Rpt mastered, no
adjacent subordinate skill will be mastered.s For this reason the
researcher is as Interested in non-mastery as in mastery during the ‘hier-

among the learners the instruction must be less than thoroughly effective.

The students in Pilot Study I were given instruction for all of the
learning sets in the hierarchy. lowever, in order to pet less than 100Z
effectiveness, the instruction was presented verbally and in a less”

_thorough manner than in the written material used during the sccond A
Pilot Study and the experimentation. :

" Pilot ‘Studies I and II were conducted with 28 available junior high ¢
school students {grades 7-9) from the Wayne-Westland summer school V4
program.- Fourteen of tfie students were assigned to Pilot I, and four-
teen were -assigned to Pilot Study II. o ,

* The students in Pilot Study I were presented with the instruction.
After the lecture the learners were given a test ‘identical to that which
was used in the experiment (see Appendix A). The test consisted of five
items for each learning set. The tests were corrected and scored on a mas-
tery basis using an 80% criterion (4 out of 5) for each learning-set. The
resuiting distribution of mastered skills is shown in Table 2. The 1's indi-
"cate mastery while the 0's show that mastery was not achieved. Consistency
ratios of 1.00, IIA; .93, IIB; .92, IID; and 1.00 for task I were obtained.
This indicates, that the hypothesized hierarchy was interdependent in the
way expected.

nnly one case (student #11) out of fourteen was inconsistent with : .
the supposed interdependency. In only three instances out of a total of
seventy adjacent subordinate-superordinate pairs (or 4%) was there
mastery of a superordinate skill without mastery of the relevant sub-

ordinate—skill.-)Thié percentage is close to the 3% recofdeq_by Gagne
& Paradise (1961) in their study of hierarchical learning. )

The hierarchy displayed in Figure 3 was accepted as empirically
validated. The sequence of learning sets based on this hierarchy was
termed the empirically validated inter-sequence. The order of pre- .
sentation of the instructional lessons for the empirically validated in-
ter-sequence is: IIIA, IIIB, IIIC, 11A, I1IB, IIC, IID, and Lesson I is
the instruction for the terminal task. ;

Designing the instructional materials. An instructional ;esson was de-
signed by the researcher for each learning set in the hisrarchy. The
instruction was based on the nine events described by Gagne (1970a) Gagne
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Results '.ot' Pilot Study I: Showing |
Pass-Fail Pattern on Fach Learning

. . . Set in the Hierarchy .-
. _'*‘\ Learning Sets®
Student # “IA INB IIC NIA NB IIC ID I

1,00 .93 .92 ,92 1,00

* contrary to expected pattern

-

1 1 1 1 1 1 1 1 .1
2 1 1 1 1 1 1 1 1
3 1T 1 1 1 1 1 11
4 1 1 1 1 1 1 1 1
5 1 -1 1.-1 1 1 1 1
6 1 1 1 1 1 1 1 0 |
7 11 1 1 1 1 1 0
8 1 1 "1 1 1 1 1 0
9 11 1 1 1 1 1 o0
10 1 1 1t 1 1t 1 0
11 o o o o 1 1 1 of
12 T 11 1 1 0 0
13 1 1 1 1 1 0 0 o0
14 1 1 1 1 1 0o 0o o
. Consistance Ratios (1,1) l '
(1,1) + (1,)
"IIA 1B IIC UD I = mastered

0 = not mastered
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and Rohwer (1969)., Reviewinp they are:
1. Gaining and controlling attention.:
. S 2. Informing the learner of expected outcomes.
I < 3. Stimulating recall of relevant prerequisite capabilities.
o 4. Presenting the stimuli inherent to the learning task.
' 5. Offering guidance for learning.
T 6. Providing feedback.
7. Appraising performance.
. - 8.. Making provisions for transferability.
9. Insuring retention. - .
" The instruction was in the form of a small frame, overtly constructed
. _pr multiple choice responding, linear program. The first frame of each
lesson presented a picture of a germ or a group of germs that represented
the class of stimili for the task of the particular lesson, and directed
the learner's attentlon to the pnrtion'of the example which was relevanl
to the concept or rule being taught. FEvent 2 was a statement of the be=
havioral objective for the lesson. ' ) )

Because some students in the experiment would be receiving the {fnstruc- .
tion in a reordered inter-sequence it was a fear of the researcher that an
explicit review of prerequisite skills would serve to correct the order
. e by teaching missing gkills. In other words a review of Task IA in the .

1Q§trdbtiou for .Task IIA would serve to teach Skill IA to the learney who
wag receiving IJA first in a reordered inter-sequence.- Such an occurrence
- would defeat the purpose of the experiment. Therefgre explicit review of
. relevant prerequisite capabilities (Event 3) was not included in the design
of the lessons for the superordinate gskills. However, subtle cues were
employed to evoke recall of the skill if it had been learned from a previous
lesson.

Event & was accomplished by presenting an example of items similar
) to those that would be encountered in the test. Nelther response or
- feedback was-required for this frame. For Event 5 the attribute, con-
cept or rule was stated, accompanied by an example of 1its use.’ A single
test item with feedback functioned as Event "6, followed by a series of
{tems similar to those on the test, and appropriate feedback (Bvent 7).
Transferability was provided for (Event 8) by indicating how the newly’
learned skill would be used in the following lessons. '
Spaced practice was used to insure retention in Event 9, The spaced
practice was cumulative as theilearner progressed through the lessons
for a particular level. Practlce for previously learned skills was in-
_¢tluded only in lessons for skills on the same level of the hierarchy and
, not in lessons for a superordinate level. Practice for subordinate skills
' was not included in the higher-order lessons in order to avoid teaching
‘ these skills to students who followed a reordered sequence.

The resulting instruction was printed and cut into 8 1/2" x 2 1/2"
strips.. The pages of the instructional lessons for each learning set e

g %
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‘were stapled into three booklets, one for ench level. Book 1 Ineludea

I - instruction for.Skills ITIA, 11IB, and IIIC. Book 1l covered sets 1TA, 11,
) 11C, add IID. - The terminal skill (1) was the only lesson in Book 111.

4

pilot study 11 - validation of the inter—-sequence. Two more ratios-were
developed by Walbesser (1968) , Eisenberg and Walbesser, (1971) to measure

‘the effectiveness of the instruction for each.learning set in a hierarchy.
The adequacy ratio is gpe number of students who master both superordinate.
¢ _ and subordinate skills (1,1), divided by that number plus those students .
who master the subordinate skills but ndt the superordinate (0,1). The
formula is: S o : J o * -
. . ' ' . ) f (1’1) A ) .
o £ (1,1) + £ (0,1) - ‘

- . . This tests the degree of effectiveness of the legso¢n for those students
: " who have the prerequisite skills. s
' The completeness ratio is the number-6f~students who mastered both .
.subordinate ‘ard superordinate skill (1,1) divided by that number -
plus those who mastered neither the superordinate nor subordInate skilig
(0,0). The formula is:

(Y

qQ

| £ (1,1)
F @, + £ (0,0

_This ratio gives an indication of the cumulation of non-learners at'a .

. * specific point in the hierdrchy. The range for both ratios is 0.0 to

1.0, a higher number indicating a higher ‘degree of effectiveness,

, Fourteen junior high students remaining from Pilot Study 1 received
the instructional material int’the valid inter-sequence and hypqphesized
{ntra-séquence, ~All’ students began with Rook I at the same time. They

_ were allowed as much time as they felt they needed to complete the- I
material. .As‘each student finished Book I he returned it to the monitor
who then .gave him Book II. “As each student finished Book. II they received
Book III; and when they finished Book FII they took the test used in Pilot
Study I and the expeviments. ' , .

The tests were scored as they were in Pilot Study 1. The distribu-
tion of mastered skills is shown in Table 3. . Adequacy-ratios of .86,
1IA; 1.00, IIB; .86, 1I1¢; .71, IID; and .86 for task 1 were obtained.

. The completéness ratios were: 1.00, IIA; 300, 11B;, 1.00, 11C;° 1.00, -
11D, and .67 for I.. Note also that there was only one instance (*) -
where a superordinate skill.wac mastered without mastering all relevant
subordinate skills. B - . o

7

-

4

R - ‘ .
Population. The experimpntal'populétion consisted of 99 senior high
school (grades 10-12) gtudents "attending Wayne-Westland, Michigan summer
school session. The gtudents were assigned to the two experiments by
classroom rather than’ by. random assignment, and therefore each group
was considered a separatée population for the purpose of the experiments
and statistical tests. ~ v

- .
. . . ' . L]
. - . .
. - H .
. LI

b




: o Table 3
IO | Results of Pilot Study II: Showing
e : Pass-Fail Pattern-on Each Learning Set in
o .  the Hierarchy and Efiectivencss Analysis
' ./ " ' ' Learning Sets |
,  Student# 1A B INC NA IB IC 1D I
: 1 1 1 -1 1 1 1 1 1
2 1. 1 1 101 1 1 1
3 t 1" 1 1t r 1t i 1
" . 4 1. 1t - 1 1 1 1 1 1
. ;5 1 1 1 1 1 1 1 i
6 101 i 1 1 1 1 1
7 11 1 1 1 1 1 1
8 "+ 1 1 o0 1 1 1 17
. 9 1 1 .1 i 1 1 1 0
. 10 11 1 o 1 _i 1 o
11 11 1 1.1 1 0,0
12 1 1 1 121 1 0 o
13 11 1 1 1 0o o o0
14 1 1 -t 1 1 0 0. O
) Adequacy Ratios * (1,1)

(T, D0, D

2

.. UOA IB IIC . HND I

.86 ‘1,00 .86 .71 .88 \
- Completness Ratios (1,1)
° (loﬂ+(0' 0).

IIA IIB NIIC IID 1

1.00 1,00 1,00 1,00 .67,
: 1 = mastered

) ) 0 = not mastered

e * contrary to expected pattern |




Experimental design. The design for Experiment A was a 2 X 2 X 2 complete
factorial design. For the purpose of control and examination of inter-
actions, learners in Experiment A were divided imto high and low learning
rate groups based on a time~to-mastery reading comprehension task.

. _ Leawners. were then randomly assigned to either empirical or reordered
* inter and intra-sequence groups, thus comprising the matrix shown in
; Figure 4, - : : _
7 The instruction for the learning sets was rcordercd by Inter-

chdnging Bock I (instruction for Level II) with Book I1 (Instruction lor
Level III). Those students who followed a reordered intersequence
received the books in this order: II I III. Learners receiving
R o this sequence would be in a position of having to learn a superordinate
\ » skill without first learning the skills subordinate to it (an accomplish-
ment not likely to ‘happen according to the theory). The learners receiving
the empiricaLly validated sequence receive instruction for the subordinate
skills followed by instruction for the superordinate skills (Book I, Book II,
Book III). '

The events of the lessons were réordered for intra-sequence by inverting
the order of the frames or sets of frames which corresponded to Gagne's
events of instruction. The order of the events for those students who
receivsd the inverted intra-sequence was:

- 9 8 7 5 6 4 3 2 1

The order waédlnverted around, Events 5 and 6 as suppested by Gapne (1970a,
p. 305). Hypothéses 1 and 4,contended that learncrs foltowlng ¢lther a-
reordered inter or intra-sequence would require more time to achleve
mastery of the terminal task than those students who follow an empirically
validated sequence. - : Ty ' | .

Inter-sequencé'only was manipulated in Experiment B. A modification
of the post-test only control group design (Campbell & Stanley, 1963) was
. used for the second experiment. Two groups (empirically validated versus
reordered inter-sequencing) were compared on post-tests at the end of each
level of instruction. The pictorial representation of the design is
this:
’ o , R X 07 X 05 Xe3 03
" Xe1 01 X2 02 X3 O3 .
Students werg randomly assigned (B) to each group. Instructional lessons
were received in edther an empirically validated (Xe) r reordered (Xr)
inter-sequence. bReordering for Experiment B was the same as for Experiment

-

‘ A, After each lesson fﬁi/}ea:ngr recelved a test (o0); all tests were identical.
. ° ° Testing Session. The first session of the experiment was a two hour

testig sessiop held on a’Tuesday morning in place of regularly schednled
classes. The tegfig was done in each of four classrooms. The researcher
did not have the names of the students prior to the testing session,
therefore random assignment to. the classrooms would have been difficult.
Students were assigned to the classrooms by the class that they came

from, Members of all treatment groups were in each of the classrooms.
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Figure 4
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. Re-ordered i , !

. v

Figureié. 2 X 2 X 2 matrix of the design used in Experiment B,'
showing the factors.
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Identical directions were given to the monitors.and identical directions
were read to the students. .Procedures were followed in all of the rooms
that would minimize disrupt%on and cheating during the sessiom.

¢

During the testing session the learners receive the Learning Rate.Test
and a set of factored abilities tests. The Learniny Rate Test was used
te block l&arners for Experiment A, The ability tests of memory, per=
ception, and induction were used for puposes not reported on in this .
papex. ’

Experimental session. The instructional materials were administered
two days after the testing session, again in place of regutarly scheduled
classes. Experiment A was held in four classrooms and Experiment. B was
held in one other. _ ’

In Experiment A monitors for each room were given the same directions.
Identical directions were given to each class involved by means of du-
plicated audio tape recordings. When Book I had been passed out the stu-
dents were told to begin, and the time was recorded. Although different
clocks weére used in different rooms, one clock was consistently used in

each.
h —

. The students were self paced and as each student completed Book 1 the
time was recorded on the cover sheet of his book, and he was given Test °
I. When Test I was completed, the time was recorded on Book IT and in-
struction began. Test Iﬁ was taken upon the completion of Book 11 and

Book 1II and Test IT11 followed. The time was recorded cach time a book was
requested and returned. i

At the time a student turned in .Test: 111 the items for the terminal
task were checked and if mastery was not.scored (criterion of 80%) the
student was allowed to review any or all books (one at a time) and re-~
take the test. If mastery was again not scored, the opportunity to
review the materials was repeated., This process was continued until.”
mastery on the terminal task was scored. At no time were the students
told by the monitors what the correct responses were, or which of their
responses were incorrzct.: As the..student mastered the terminal task
they were directed to return to their classrooms, so that correct re-=
sponses could not be passed to other students.

The experiment ended 'when the last student mastered the terminal
task. 1In no case was a student still working when the two hours that
were allotted' lapsed.

Experiment B began when the monitor played a tape to the students.
The tape introduced the session to the learners and told them what they
were to do. - When the tape was finished, Book 1 was passed out and the
students were told to begin, The students were self paced in both
experiments, though none of the students used the two hours maximum which
was allotted for the experiment.
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As each of the students completed Book T he turned it in and received .
: Test 1. When that was completed he was given Book Il. When Book II was
: finished Test II was taken. Test Il was followed by Book III, and that
+ - +  was in turn followed by Test III. As each student finished Test IL1 he
was allowed to return to his classroom.

None of the students were allowed to look at any previously taken
materials. None of the tests were checked during the experiment, and
_ no feedback was given to the students as to the correctness of their
: : responses on the test. The experiment was terminated when the last stu-
: dent completed Test III, )

Rvsultg

® .

Fxperiment A. In Experiment A the effects ol hoth inter and intras

_ sequencing were measured. The two learning rate groups were cach divided

~ into four groups corresponding to the eight cells of the experimental de-
sign., Of the 84 students who participated in the testing session, 67
chose to participate in the instructional session. of those, ten elected
to drop out and return to their classrooms before they mastered the -
terminal task. In addition two more learners were dropped by the re-.
searcher, one because he did not receive one of his books, another because
the final test was accepted as correct when it was not. A total of 55

g students were used in the analysis of the data for Experiment A. Attrition

did not seem to be random and may have biases the results.

The dependent variables were the total time spent on the instruction

for each level of learning sets to master the terminal task. The

grand mean for the-‘time spent on instruction for lLevel IIT was 7.127

minutes, and 16.64 minutes for Level Il, and 17.64 minutes for Level 1.
. ~ The grand means arid standard deviations are shown in Table 8, as weld

* as the means and standard deviations for the Inter-sequence, intra-scquence

and learning rate groups. The means and standard deviations for cach cell ol
the matrix is displayed in Table 5. : T

The learners in FExperiment A were required to continue reviewing

. the instructional material until they mastered the terminal task. Each
learner received the three books at least once, and after they followed
their assigned sequences they were allowed to choose any of the books
as often as they needed in ordet to master the terminal skill. Although
they took the same test for each attempt at mastery, no indication of which
{tems were correct or incorrect was given to the learners. Table 6
shows by’ number the order, of books that each student took before mastering
the terminal task. As can be seen the initial pattern for those
students that received the empirically validated sequence is 1°'2 3;
while the initial pattern of those students who received a.reordered

- sequence is 2 1 3., The empirical sequence group looked at an average
of 4.1 books (the initial three, and review of approximately ore of
the three books); while 41.2% of the students in this group required
no review (they mastered the terminal skill after taRing the initial
three books only). Students following a reordered sequence required an
average of 4.0 books, and 63.6% of them needed no review,

1
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Table

: . Mean Learning Time in Minutes for
IR o7 Each Factor on Instruction for
| Each Level of the Hierarchy

Level

Factor : | I R ! I

Inter-sequence D
Empirical 7.364 . 16.45 18. 70
Reordfred 6,773 16.91 16.05

. ) .

Intra-s‘:bquence s
Empirical 7.500 17.57 17.57
Im:grted 6.741 15.67 17.70

: T

Learning Rate v | ’
High . 6.640 14,64 14.92
Low : 7.533 18.30 19.90

’ . ' ' . ;
[‘) Grand Means 7.127 16, 64 17.64
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Table. 6

- .~ Experiment B~ ‘
Order and Number of Books Taken

" Student # . Books

OO ~J O Ul W 03 D =

Empirical Sequence

b bk bk bk b pub pub Db ek bk beh et pb ph bed ek bbb b b bbb fed b B b b b e el b
PO B2 DO DO DI DO 0D 0O DO R B3 DO DI DO DO DI DI DI B3 DI = DI DI B DI DO DO DI DO DO = DI

wwwwwmwwwww-wwwwwwmwwwwwwwwww:.cwroww

N = W

N DN »e

Ty

LWL W

LWV

8 W

(continucd)
-

be



Table 6

(continued)

Student # , . Books

. . Reordered Sequence

.34
35
36
37
38
39
40
41
42
43
44
45

46 °
47
48
49
50
, 51

A 4 . _.," ) 52

’ 53

54

55

3 '3 3123,

3 1 2 2°

W L L0 L3 GO O L GO LY LY LY L)L W LW W
TR
[y
(4]

w

NNNNNNNNNDNNNNONNNDNMNNDNDNIN
W

L bbbk pud et ud b b ek ecd fud b pub el feed pud Junb b Pmd ok fand  peeh b

. W

Empirical Seqﬁence
. Mean.Number of Books 4,1
% 1 2 3 Only . 41/2
e _
qurdered Sequence
+. Mean Number of Books - 4
3

% 2 1 3 Only 6

.
O
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Experiment B. In Exﬂériment B the students were given empirically
validated' or reordered sequences according to the group to which they
were randomly assigned. ' Out of a population of 15 who participated

in the testing session, only 10 selected to participate in the second
session. Of the ten students who were involved in both sessions, five
received the empirically validated sequence and five received the re-
ordered sequence. Each student was tested at the end of the instruction
for each level of the hierarchy. The tests were scored for mastery

of each -task using a 80% criterion (4 out of 5 items correct). The
students were not allowed to review previously received booklets at
any time. :

-

Each learner took Test 1 after completing the first book he re-
ceived. Therefore the students following the empirically validated
sequence took ‘the test after instruction for the skills in Level
11T (IIIA, IIIB, and IIIC) of the hlierarchy, while the students who
followed the reordered sequence took Test I after receiving instruc~
tions for the skills in Level IT (IIA, IIB, IIC, and 1ID) of the '
hierarchy. The pass-fail pattern for each learning set for Test 1 is
shown in Table 7. All of the five students following the empirically
validated sequence mastered the three skills taught in Book I. Addi-
tional skills were mastered by several members of che group. The
five students following the reordered sequence mastered all but four
.of the skills taught by the lessons they received. Only four subor-
dinate skills were mastered by this group. :

Table 7 also indicates that four of the students appear to have
mastered the terminal skill. It is dubious that this was so, at
least for the three learners in the empirical group, because they
did not repeat their mastery performance on Test II. Use of constructed
responses rather than multiple choice would have virtually eliminated
any- chance display of mastery such as this. '

The Book II received by students following an empirically validated
inter-sequence consisted of instruction for Sets 1IA, 1IB, 1IC, and
IID. The Book II received by students following a reordered inter-
sequence covered Skill IITA, IIIB, and IIIC. As each student finishéd
Book II he took Test 2. The pass-fail pattern for the skills of the
hierarchy for Test 2 are shown in Table 8. The five students following
the empirical sequence mastered all but -one of the skills for which
they had received instruction at this point. Of the five students
receiving the reordered sequence, only two failed to learn all of the
skills taught in the first two books.

Students from both the empirical and reordered sequence groups
received instruction for the terminal skill (Learning Set I) in Book
III. After each student finished Book III he took Test IITI. At the
time a student took Test III, he had received instruction for all sub-
ordinate learning sets regardless of which group he was assigned to.
The pass-fail pattern for the learning sets for Test IIT are shown in
Table 9. All but six skills were mastered by the empirical sequence
group. Two students for the empirical sequence group mastered all the
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Table 7

Results of Experiment A, Test .1, Showing
Pass-Fall Pattern on Each Learning Set
in the Hierarchy After First Instructional Book

— ' " Learning Sets

Student # HIA mMB ImC NA UB IIC HD I
Empirical
Sequence
1 1 1 1 0 0 0o 0 O
, | 2 it 1 1 o o o0 o0 O
3 1 1 i o 1 o 1 1%
) B
| 4 1 1 1 1 o 0 o0 1
5 11 1 o o o o 17
Reordered
Sequence
6 11 1 1 1 1 1 0
7 o o 0o o 1 1 o o
)
8 o 0 o 1 1 1 1 0
9 1 0 o .1 1 o 1 o
10 0 0 o 1 1 1 o 1¥

1 = mastered
0 = not mastered

* Students who learned superordinate skills without learning all
relevant subordinate skills.
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‘ ' ~ Table 8

Results of Experim.ent A, Test 2: ‘Showlng
Pass-Fril Pattern on Each Learning Set
in the Hierarchy After Second Instruction Book

-

Learning Sets

Student # mA mB IIC ‘WA LB IC uD 1 - S
Empirical ’
Sequence
1 1 1. 1 1 IR T T R
2 11 1 1 1 1 1 0
3 1 1 - 1 1T 1 1 1 .0 .
4 o1 1 1 1.1 1 0
5 11 10 11 0o*
lsleordered - "
equence
6 ' 1/ FUR S S 11 o
L 1 0 1 6 1 o .1 /0
. . 8 1 1 1 1 1 1 1 0
h 9 1+ 1 1 i1 1+ 1,1 O
10 1 1 11 1 1 0 1
\ , : 1 = mastered
_ _ _ ' 0 = not mastered
B # Student who learned superordlinate skills without leardiné all | .
relevent subordinate skills ' . N\
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“Table 9
. . . ‘\-
‘Results of Experiment A, Test 3: Showing

Pass-Fail Pattern on Each d earning Set o

in the Hierarchy After Third.Instructional Book

—

Learning Sets

Student # = INA IIB IIC NIA 1B IIC ID_. I
i
Empirical )
Sequence .
1 / 1 1 1 1 1. 0 1 0O
2 1 1 1 1 1 1 11
3 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 o
5 11 1 o 1 0 1 0
Reordered ’
Sequen"e
6 11 1 1 1 1 1 1
A 10 o 1 1 1 1 1°
8 ! 1 1 1 1 1 1 1 1
9 11 1 1 1 1 1 o
10 11 i o 1 1 o 1°
Adequacy Ratio (1, 1)
HA B IC UD I (1,1)+{(0,1)
.80 1.00.77 .90 .71 |
Completness Ratio . (1, 1)
IA IIB IIC IID I , (L1060
1,001,001.001,00 ,71 : 1 = mastered -

0 = not mastered

* Students who ieapned superordinate skills without
learning all relevant subordinate skills.
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) . ) ' - .o
/ Individual and Group Mean birror -
Rate in Pcrcent on Instructton el
v for Each Level of the Hierarchy v
: - .;\ ‘Level ’ g
Student # m - I R
N ' - Empirical Seqﬁence
1 v 00% . 19% 05%
. o
, 2 00 - 00 11 |
3 - 00 00 05
C 4 00 00 21
. 5 ~  we__ - 00 16
Means' ~00% 0% . 12%
Rcordered  Sequence \
6 00%  08% Q0%
J 7 09 42 68
8 00 10 18
9 (Did not actively respond)
10 co 39 29
Means 02% 24% 46%
-
4 ‘ /
. §; ¢ ¥ o
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skills, and two students follcewing the reordercd sequence mastoered atl
of the skills. Adequacy ratios of .80, TTA; 1,00, 118y .77, 11C3 .90,
11D; and .71, I; and completeness ratlos of 1.00, I11A; 1,00, 1185 1.00,
11c; 1.00, IID; and .71, I, computed form the data from Test 111 show
that the instruction under hoth.sequences was offect lve and complete

to the extent indicated. '

Error rates were computed for both groups on instruction for each
level of learning sets. Jndividual rates and meanjrates are shown
in Table 10. Contrary to direction, one of the students following
the reordered sequence did mot overtly respond. Examination of the
rates indicates that the learners in the reordered inter-sequence
group had_@ifficulty learning the skills on levels II and I.

Hypothesis 1. Léarners presented with an empitically validated inter-

sequence take less time on each level of tasks to acquire the terminal .
skill than those learners presented with a reordered inter-sequence.

Time taken on each level of instruction was examined in-Experiment
A in preference to total time. A multiple measure avoids an "averaging
effect" which makes no distinction between learners who spend differing
amounts of time on different levels if their overall times are Lhe same,

“'A measurement on each level provides a more accurate description of how

the learning occured.

Because the multiple measures were taken on the same learners (and
therefore not independent), a statistical comparison btetween the em-
pirical and reordered inter-sequeace groups required a multivariate
analysis of variance (MANOVA). Table 11 indicates the multivariate F’
ratio (Wilk's Lambda) of the within groups variance divided by the t9ta1
variance, as well as the degrees of freedom, and the probability of .
occurrence of the null hypothesis. . Univariate tests for each level, are
also displayed. The tests show mno difference between the amount of time

used by the two groups. ;
' Table 11 S
ﬁulti and Univariate Analysis

of Variance for the Factor
of Inter-sequence

F DF p

1.037 3.45 0.385
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Table 11 (con.)

.
Univariate F

Level F DF . P
II1 0.420 1, 47 0.520
11 0.074 1, 47 0.787
: 1 1.799 1, 47 0.186

A preliminary test of equality of dispersions assumption (analo-
gous to the homogeneity of variance assumption for MANOVA) was not
included in the computer: program which computed the test means. How-
ever,. as Cooley and Lohnes (1971) indicate, "Many research workers
prefer to ignore the issue of homogeneity of group dispersicns on the
grounds that the test of H2 (test of the difference of means) is
probably fairly robust under departures from its assumptions (p. 228)."

A lack of effect on the learning of the groups following the differ-
ent sequences is also noted in Table 6. The number. and order of books
taken by each learner is displayed in this table. As mentioned pre-

viously, if the learner did not master the terminal task upon completion

of Book 3, he was required to continue selecting books to review until
he could master the terminal task. 'The results. indicate that there is
essentially no.difference in the mean number of books taken by the
student of the two groups: 4.1 books for the empirical sequence, and
4.0 books for the reordered sequence. Also of note is the fact that
whereas 41.2% of the students receiving an empirical sequence mastered
the terminal task without review, 63.6% of the students receiving a
reordered sequence did so. - i

: |
Hypothesis 2. Learners following lan empirically validated inter-sequence

master more skills than those leajners following a reordered inter-sequence.

The distribution of skills, tastered and non-mastered for
empirical and reordered sequence groups in Experiment B, is shown
in Table 12. This data was collected after the instruction was
completed and it indicates the tdtal number of skills that were mas-
tered by each student. Of the 40 skills which the students of each
group received instruction for, 34 were mastered by the students follow-
ing an empirical sequence, while 35 were mastered by the students following
a reordered sequence. A chi-gsquare analysis of the number of mastered .
skills is also shown in Table 12. A chi-square value of .104 indicates
no difference between the number of skills mastered by the two groups.

Hypothesis 3. . Of those learners mastering a superordinate skill, more
learners also mastered all relevant subordinate skills than will not have

mastered lower skills.

For each test of skills at each level in the hierarchy all students
.astering any superordinate skill were examined to see if they also
mastered all subordinate skills relevant to the. superordinate skill.
(See Tables 7, 8, and 9) - Of the students who mastered superordinate
skills, Table 13 shows the number who did or did not also master all
relevant subordinate skills for each test. Etequencies for Test 1 do
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Table 12

Number of Skills Mastergd or Not
Mastered for Learners in Each

- Inter-sequence Group in Experiment B

Not

Mastered Mastered Totals
Empirical 3 6 40
Segquence
Reordered
Sequence 35 5 40
Totals 69 11 80

Chi square = 0,104

.
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not include the dubious mastery of the terminal task by some learners.
Corrected chi-square values are also displayed for each distribution.

- e e e

Table 13

Number of Learners Mastering or Not.
Mastering Subordinate Skills Who
Mastered Superordinate Skills

;/ s ' for Each Test in Experiment B
Did Not Master All .
* ' . Mastered All - Subordinate df Corrected
Subordinate . Skills N x2
Skills ' S '
Test 1 3 T —1 0.16
Test 2 9 1 -1 4.90%
Test 3 .8 2 . B | 1.85
- v
* p<,05

The chi-square value computed for the distribution resulting
from Test 2 was significant at the .05 level indicating that at this
point in the learning process more learners mastering superordinate
skills also mastered all relevant subordinate skills. The distribu-
tion from Tests 1 and 3, however, were not significant. '

It must be noted that of the three points in the learning process
: (Test 1, Test 2, Test 3) that Test 1 was the crucial test of Hypothesis
—_ 3. At the point Test 1 was given, learners from the empirical group:
had received instruction for Level III skills only, while learners .
from the reordered group had had instruction for Level II skillg only.\
By the time learners of both groups had taken Test .2 and 3 they had )
received instruction for all subordinate skills (although in different
orders, of course). Therefore while Test 1 shows whether or not mastery
of subordinate skills is essential, Test 2 and 3 could just as easily be
merely testing the accumulation of skills. As indicated in Table 14, R
the distribution for Test 1 fails to sypport the hypothesis. L//

vaothééis 4. Learners presented with an empirically validated 4intra-sequence
take less time on each level of tasks to acquire the terminal skill
than those learners presented with an inverted intra-sequence.

o "me multivariate test of significance is shown in Table 14 on data
col ..:2d from Experiment A. A multivariate F Ratio of 0.666 was not
stg.' : mt. Univariate tests for each level also show a“lack of
iifferences. There was no difference in the amount of time uscd by
atudents following &mpirical or reordered intra-sequences to master 1he
terninal task. ' T .-

\

=
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Table 14
Multi and Univariate Analysis
of. Variance for the Factor
of lntra-scquence

F DF P

0.666 3, 45 0.577

Univariate F Tests

Level F - DF P
111 0.632 1, 47 0.431
II 1.424 1, 47 0.239 .
I 0.036 1, 47 0.851 ¢

, Question 1. Does the order of the inter-sequence have more of an effect on
time spent on each level of learning set to master the.terminal skill than
the order of the intra-sequence?

Since the ordering of neither the inter nor intra-sequence had
a differential effect on the learning time of the students, no
statement can be made about the relative effectiveness of these two
main effects. Question 1 is moot for this experiment.

Questior 2. 1Is there an interaction between inter and intra-sequence?

The test of significance of the Inter-sequence X Intra-sequence
interaction is shown in Table 15. No interaction resulted from either
multivariate or univariate tests. Assignment to empirical or reordered
inter-sequence had no effect on time for either 'empirical or inverted
intra-sequence, and vice versa.

Table 15

Multi and Univariate Analysis
of Variance for the Interactinn

ter X Intra-sequence. .
F DF P .

N
0.179 3, 47 0.910

Univariate'F Tests

- Level F DF P . .
111 0.004 1, 47 0.949 .
11 0.298 1, 47 0.588

I 0,053 1, 47 0.818

- -~
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uestion 3. s there an fnteractfon between efther Inter or Intva=sequencing,
and learning rate? '
An examination of the main effect of learning rate on time to
mastery of the terminal task, shown in Table 16, indicates a prob-
ability of less than .064 for the multivariate test. Univariate tests
for Levels II and I were significant beyond the~.05 level. Although
high learning rate students took less time on Levels II and I than ‘low
learning rate students, there was no differénce between them on the time
spént on Level III instruction.

Table 16
» - ~ Multi and Univariate Analysis
' of Vaiance for the Factor of

, Learning Rate

? F DF P

. | " ' 2.595 3, 45 0.064

" Univariate F Tests

Level F DF P
TII__ 0.944 1, 47 0.336
: I1 5.234 1, 47° 0.027
- ' '..I - 6.066 1, 47 0.017

Tests of significance for the following are shown in Table 17.
Intersequence X Learning Rate, Intra-sequence X Learning Rate, and
Inter-sequence X Intra-sequence X Learning Rate. MNone of the iInterac-
tions were significant by either multivariate or univariate tests. _ _

A3

Discussion

\\C Concerning the effects of inter-sequencing. Commenting on
previous studies on sequencing, Briggs (1968) states that:

...positive results, showing that mastery of an early

. gskill component does transfer to learning a later one
is a supporting argument to the notion of hierarchical
structure when viewed in terms of all the-kinds of
evidence Gagne presénts. On the other hand, negative
findings, e.g., failure to find transfer from-one subtask
to another, may simply mean that that task was not
hierarchical (p. 66). '
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N . } Table 17

Multi and Univariate Analysis
of Variance for the Remaining -
"Interactions .

Inter-sequence X Learning Rate
. _F______DF___ p
{ 0,945 .3, 45 - 0,427

Univariate F Tests

Level F ‘ DF p

’

oo I —0.122 1, 47 0,720 .
a : 11 1. 992 1, 47 0.172
L Il 0. 945 1, 47 0.336
%
Intra-sequence X Learning Rate
F DF p
0. 6852 3, 45 0. 586
Univariate F Tests
Level F _ DF ° p
1101 0. 342 I, 47 0.562
| L1 0. 072 1, 47 0.1790
) . I 1,678 1, 47 0. 202

Inter X Intra-sequencé X Learning Rate
F DF p

0. 408 3, 45 0.748

| Univariate F Tests

Level F DF P
III 0.652 1, 47 0. 424
11 0. 005 1, 47 0. 943

I 0. 349 1, 47 0. 557
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Such an argument presumes that the theory concerning hierarchical
learning is correct and that negative results of an experiment
designed to test the theory merely indicate that such a test 1is
invalid. This would put the researcher in the untenable position
of accepting results only if they supported his hypothesis. The .
scientific approach is to presume against the theory until it is
supported by empirical evidence. A well constructed experiment
should be presumed to be a valid test of the theory, subject to
replication. The researcher does not claim immunity from method-
ological error but is of the position that ‘negative results should
not be rejected on face value. It remains, therefore, to explain
why an inter-sequence based on task analysis and empirically val-
idated according to Walbesser's technique did not affect learning
differently than a reordered sequence,

< .

A source of obvious concern is the learners in Experiment B
(see Table 7) who followed a reordered inter-sequence and mastered
Level II skills without showing mastery of Level T1T skills (students
#7, 8, 9, and 10). The position of a learner receiving . instrucrion on
concept rule, tests and -feedback on examples and non-examples, but
not having the attributes identified.

Bruner, Goodnow & Austin (1957) describe two main strategies
for attribute identification. In the scanning strategy- the subject
will test a single hypothesis at a time until he hits the correct
concept. When using ‘the focusing strategy the subject finds a
positive instance to use as a focus, then makes a sequence of choices,
each of which alters an attribute value to test whether the change
yields a positive or negative instance. ‘

’

When asked how he mastered Task IID Student #9 said, "By the pro-
cess of elimination. By seeing them (examples and corrected responses)
over and over I could guess what was right." From the student's comment
it sounds as if he was using the focusing strategy described by Bruner et
al. This may have been the case with Student #6 who mastered the concept
and identified the attributes, but Students #7, 8, 9, and 10 mastered the
concept without identifying the relevant attributes.

Whaley and Malott (1971) refer to the case where instances can be
correctly identified while defining attributes cannot be described
as "intuitive concepts." They illustrate how such concepts can be
learned by referring to an experiment by Hernstein and Loveland (1964).
In this experiment a straight-forward conditioning procedure was used
to teach pigeons the complex concept of "man", involving discriminative
stimulus variety in sex, race, age, and p%;torial position and background.
The stimulus generalization applied as well to instances not used in the
original conditioning. The procedure used by Hernstein and Loveland
parallels that used in the instructional materials of this study.

It appears that by being conditioned with examples and non-examples
of the concept some learners were able to show mastery of the concept
without showing mastery of its defining attributes. However, it is



. presc:nted had no effect on learning.
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doubtful {f.the instruction gave Lthe cencept rule vithout auv
accompanying examples, that the learners would have hoen able te correct by
perform on the test ltem without flrst passioag the subordinate attvibute:s,

1t becomes apparent that the hierarchical dependence between sets interacts
with the form in which information is presented in the instruction. What
is hierarchical using one form of instruction does not seem to be so when
using another form. :

‘Since this experiment was not designed to test the interaction
between forms of instruction and hierarchical learning it is suggested
that such an experiment be designed. Subjects could be divided into
treatment groups corresponding to a 3x2 factorial using examples/
no examples, rule/no rule, and attributes/mo attributes. Results
would indicate effects and interactions of the variables on concept

-learning.

- Given the data from Experiment B it is possible to interpret the
lack of differences in time to mastery resulting from the reordering
the sequence in Experiment A. Level II in a sense stood by itself,
making the fact that the learners mastered or did not master Level 111

4rrelevant and thus did not effect time to mastery. If a third group had

been asked to start with Level I first, it could be expected that they

would have had great difficulty. One cannot infer from this study what

effect sequencing has on rule using or problem solving since the re-
ordering -involved concept learning only.

Concerning the effects of intra-sequencing. FEach event in the intra-
sequence of this study was intended to function as a facilitator to the
corresponding event in information processing of the learner. Pre-
sumably, however, the information processing occurs somewhat indepen~
dently of the intended function of the event. Presumably the information
processing is dependent only on there being information to be processed.

- For example, what was intended by the designer to insure retention in

the original sequence may function to gain attention in the reordered
sequence. The requisite for facilitation of learning seems to be.
what is included in the design rather than what order it is inm.

In commenting on the nine events of instruction Cagne states that,
“"Each of these functions is essential; should any one of them be omitted
learning would occur only with difficulty *(1970a, p. 320)." A study in-
volving the deletion of instructional events from an empirically validated
program may shed more light on the relationship between instructional
events and learning. Such a study could involve deletion of events or
combinations of events and examine the resulting effect on learning.

As for the present study, those learners receiving a reordered intra-
sequence took no more time on instruction for each level of learning sets
to master the terminal task than learners receiving an empirical sequence.
For the hierarchy used the order in which the events of instruction were

i

[
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. Concerning the effects of learning rate. Learning rate appeared as a sig-
nificant factor in two (Levels I1I, and I) of the three levels. There
are two ways that these results can be analyzed. First; the effect of
learning rate on' time to mastery may be influenced by the effectiveness
of the instruction used. Data from the pilot studies and Experiment A
indicate that instruction for Level III was the most effective of the
three instructional books. Also, there was no difference on time to

. mastery between high and low learning fate groups on this level. Possibly,

the more effective the instruction is, the less learning rate will affect
learning.

A second analysis of the learning rate data concerns the level of
type of learning involved. Quite possibly, the acquisition of higher
types of learning depend increasingly on learning rate. Whereas Level

111 involved discrimination learning, Levels 11 and | involved the

learning of concepts and rules. Distinction between the two anal yses
cannot he made from the present study because the effectlveness of the
ijnstruction decreased for higher types of learning. The three factors
_of effectiveness, type of learning, and learning rate should be examined
separately and in interaction in future studies.

"Summarz. Sequencing of learning sets may be dependent in part on the

type of information presented in the instruction within each level of
learning sets. That is, for concept learning extensive use of examples
and corrected responses may in fact make the learning of "subordinate
skills" unnecessary. Learners seem to be able to go beyond the in-
formation given to acquire skills not directly intended by the designer.

The order of instructional events within each learning set does not
appear to be crucial if all are used. Although the events may be reordered
in a way that dogs not correspond to the manner in which the learner pro-
cesses the information, the learner seems to be able to quickly adapt
the information to the process.
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